Introduction
Antimicrobial defence mechanisms in birds, as in mammals, consist of those which have been described as innate or nonspecific, and those which are specifically acquired. Innate or nonspecific antimicrobial mechanisms include the action of bactericidal enzymes, phagocytes and interferon. The activation of complement by the alternate pathway, the action of Creactive protein and of properdin which, in mammals, also contribute to innate resistance, have not yet been described in birds. Specific immunity is acquired as a result of the interaction ofthe lymphoid tissues with the infectious organism and, in birds, as in mammals, is mediated by cells and by antibodies. Innate resistance will not be considered further here, but an attempt will be made to describe the immune system in birds, in particular where it differs from that of mammals. In general it is very similar to that of mammals and the functions of the T and B cells in defence are paralleled. Differences exist in the organization of the lymphoid tissue, in the humoral response, and in the transfer of maternal antibodies. These will be discussed below and relate, in the main, to domestic fowl since most of the experimental work has been carried out on this species.
Organization oflymphoid tissues
Recent reviews of the lymphoid system in birds and its functions include those by Payne (1971) , Szenberg (1976) , Firth (1977) and Rose (1979 (Good & Finstad 1967) . Amongst the primitive features ofthe organization ofthe lymphoid system are the presence ofcollections oflymphoid tissue scattered throughout the body, and the absence of lymph nodes similar to those of mammals. The peripheral lymphoid tissue, however, unlike that of lower vertebrates has germinal centres. In birds, as in mammals, the lymphoid tissue is considered to consist of two vertical compartments of differentiating lymphocytes: one responsible for the discrimination of self and non-self and the expression of cell-mediated immunity, and the other responsible for the production of immunoglobulins and antibodies. The former in birds and in mammals, is dependent upon the thymus (T-dependent system) and the latter, in birds, upon the cloacal bursa (B-dependent system); the equivalent ofthe bursa in mammals has yet to be determined. The recognition of the functions of the anatomically distinct bursa and thymus in birds has provided the basis for the fundamental concept of the two compartment immune system in higher animals (Warner & Szenberg 1962 , Warner 1967 . The thymus in birds is a paired organ composed of several separate lobes of ovoid lymphoid tissue lying in the neck close to the jugular vein and the vagus. It is most active in the young and regresses at the onset of sexual maturity. In some birds there is evidence of recrudescence, associated with the breeding cycle (Hohn 1956 , Kendall & Ward 1974 , Bacchus & Kendall 1975 and possibly connected with an erythropoietic function. The cloacal bursa (bursa of Fabricius) is a globular or spherical lymphoepithelial organ whose inner surface is thrown into a number of folds which partly obscure the lumen. It is formed by a dorsal diverticulum of the cloacal proctodeum and its growth coincides with the period of rapid body growth after which it regresses and, in most species, is completely involuted about the time of sexual maturity (Riddle 1928 , Wolfe et al. 1962 ). The development of the thymus and bursa has been described by Payne (1971) and the origin and maturation of thymic and bursal lymphocytes discussed by Owen (1972) , Greaves et al. (1973) , Szenberg (1976) and Kincade & Moore (1977) .
As in mammals, the thymus produces precursors of cells involved in specific cell-mediated immune responses (T-cells) and its removal impairs the ability of birds to reject allogeneic skingrafts and to produce delayed-type skin reactions. The cloacal bursa produces the precursors of antibody forming cells (B-cells) and its early and complete inhibition causes the absence of immunoglobulins and consequently antibody production. Studies on bursectomy carried out at different stages of incubation indicate that there is a sequential development of IgM, IgG and IgA bearing cells (Kincade & Cooper 1973) . As in mammals, T-cells cooperate with B-cells in the production of antibodies (McArthur et al. 1973 , Weinbaum et al. 1973 ) and there is some evidence for the existence of repressor cells (Rouse & Warner 1974) .
In addition to their major roles as primary lymphoid organs the thymus and bursa may also be actively involved in the immune response to locally administered antigen (Jankovic et al. 1972 , Toivanen et al. 1972 , Van Alten & Meuwissen 1972 , Sorvari et al. 1975 . Colloidal carbon or bacteria, when applied to the cloacal lips, is taken up by sucking-like movements ('cloacal drinking') and transported to the bursal lumen and lower gut by retroperistalsis (Sorvari et al. 1975 . The lymphoid follicles of the bursa are, like those of the Peyer's patches of mammals, covered with a specialized epithelium across which particles may be transported by pinocytosis (Bockman & Cooper 1973 , Schaffner et al. 1974 ). Thus, chickens have been immunized by the application of antigens to the bursal lips (Sorvari et al. 1975 , and bursal lymphocytes shown to secrete specific antibodies (Van Alten & Meuwissen 1972 , Waltenbaugh & Van Alten 1974 . It has therefore been suggested that the bursa may be involved in localized immunologic defence.
Evidence regarding the function of bone marrow in birds as a primary lymphoid organ is conflicting (see Aitken 1974 , Glick et al. 1977 but it has been suggested that after involution of the cloacal bursa, lymphocyte differentiation may occur here (Toivanen & Toivanen 1973 , Toivanen et al. 1974 .
In the secondary (peripheral) lymphoid tissue the differentiation of immunologically competent T and B cells is completed into antigen specific effector cells. In birds this tissue consists of the spleen, bone-marrow, mural lymphoid nodules, aggregated nodules of the digestive tract and oculonasal region, and the numerous smaller foci of solitary nodules scattered throughout the body which are characteristic of avian species. Lymph nodes occur only in certain water, marsh and shore species, in which there are two pairs. The basic structure and function of the peripheral lymphoid tissue resembles that of mammals; germinal centres are present and their formation in the spleen has been fully described (White et al. 1970 ). T and B dependent areas have been delineated in the spleen, caecal tonsils and lymph nodes. The mural lymphoid nodules appear to be present in all birds. These are organized accumulations of lymphoid tissue which occur at irregular intervals either within or closely applied to the lymphatic vessels, especially those of the limbs and neck. They resemble avian lymph nodes in their development and structure and Biggs (1957a) has suggested that they may be the precursors of the nodes. The lymph nodes, when present, occur as two pairs (Jolly 1923 , Lindner 1961 . The cervicothoracic nodes lie on each side of the neck close to the intemaljugular vein, and the tongue-shaped lumbar nodes are found on either side of the aorta extending between the origins of the sacral and ischiadic arteries. Their structure is fairly simple and the flow of lymph relatively fast due to the presence of a main or central sinus which probably constitutes an intranodal lymphatic vessel (Sugimura et al. 1977) .
The wall of the digestive tract contains much lymphoid tissue mostly consisting of small accumulations but some is larger and more regularly distributed and may be analogous to the Peyer's patches of mammals (Jolly 1908 , Leibovitz 1968 , Payne 1971 . Large aggregates, the caecal tonsils, occur near the junction of the caecum with the colon and occupy the greater part of the circumference of the caecum, partly obliterating the lumen. It is possible that they, as well as the bursa, respond to antigen gaining access via the cloaca . The oculonasal region also contains much lymphoid tissue which is associated mainly with the lachrymal gland, Harder's gland (gland of the nictitating membrane) and nasal (salt) gland. Harder's gland is particularly rich in plasma cells, most of which appear to secrete IgA (Parry & Aitken 1973 , Albini et al. 1974 , Burns 1976 , and it is likely that it constitutes part of the secretory immunologic system. In addition to the above, variable amounts of lymphoid tissue with germinal centres, which respond to stress and to antigenic stimulation, occur in most organs and tissues and it has been suggested that they compensate for the lack of lymph nodes (Mjassojedoff 1926 , Biggs 1957b , Campbell 1969 , although this has been disputed (Bell 1974 ).
Immune responses
The T-cell mediated responses of birds, and their role in defence, appear to be very similar to those of mammals. Avian immunoglobulins and antibody production have recently been comprehensively reviewed (Higgins 1975 , Benedict & Yamaga 1976 ). The range of immune responsiveness to a variety of antigens is very similar to that .found in mammals; multiple classes of immunoglobulins have been demonstrated and there is some evidence for the existence of subclasses. However, as pointed out by Benedict & Yamaga (1976), work to date has been restricted to members of the galliformes (mainly the domestic fowl) and the duck, and it is possible that a true comparison of avian and mammalian immunoglobulins must await wider coverage of the various orders of aves. The response of the chicken, but not of all birds, is characteristically rapid and vigorous to soluble protein antigens such as mammalian serum proteins (Wolfe 1942) . As in mammals antibodies of low (7S in the chicken; 7.8S and 5.7S in the duck) and high (17S) molecular weight are synthesized. The low molecular weight antibody resembles mammalian IgG but there are some differences: e.g. in molecular weight, in the ability to fix guinea-pig complement and, in some birds only, the requirement for a high concentration of salt for maximum precipitation. Homocytotropic antibodies are demonstrable in young chickens only, but whether these are a subpopulation of IgG-type antibodies or an analogue of mammalian IgE is not known. High molecular weight antibodies (17SIg) have properties very similar to those of mammalian IgM. An avian analogue of mammalian IgA, present in relative abundance in external secretions, has recently been described (Lebacq-Verheyden et al. 1972 , Bienenstock et al. 1972 , Orlans & Rose 1972 , Porter & Parry 1976 ).
The roles of the various immunoglobulin classes in defence are similar to those of mammals.
Maternal transfer ofimmunity Although immune competence begins to develop towards the end of embryonic life, the responses of the newly hatched chick are poor, and the major part of its defence system, as in newly born mammals, consists of passively acquired maternal antibodies. In the case of the chick, these must be present in the egg when laid. Transfer of passive immunity from the hen to the chick is well known and the mechanism of transfer of antibodies from the maternal circulation to the yolk of the egg has been thoroughly reviewed by Brambell (1970) . More recently, immunoglobulins have been demonstrated in the egg white and in the embryo (Kramer & Cho 1970 . In yolk the immunoglobulin is IgG which is derived from the maternal circulation and selectively transmitted across the follicular epithelium of the ovary during the very rapid growth of the oocyte. IgA and IgM have been detected in egg white and in the gut of the embryo towards the end of incubation. Maternal IgA and IgM, present in oviduct secretions, appear to be acquired by the egg as it passes down the oviduct where the white is laid down. During incubation the white from the albumin sac flows into the amnion to mix with the amniotic fluid which is then swallowed by the embryo to reach the respiratory tract and gut ). IgG only is found in the serum of the developing embryo and newly hatched chick, and probably passes from the yolk by the vitelline and hepatic circulations. Antibodies to a variety of infectious agents have been detected in these sites (Buxton 1952 , Kramer & Cho 1970 . Thus in birds as in mammals, there seems to be a different mode of transmission of maternal immunoglobulin of different classes: the transovarian passage of IgG resembling transplacental transmission, and the acquisition of IgA and IgM by swallowing of albumin/amniotic fluid resembling transmission via the milk. After hatching the half life of IgG in the chick is approximately twice as long as in the adult hen, corresponding to the 'sparing' of IgG which occurs in most neonatal mammals (Patterson et al. 1962 ).
Concluding remarks
The immune system of birds is undoubtedly efficient and, in most respects, very comparable to that of mammals. A feature which appears to be unique to birds is the location of B-cell differentiation in an anatomically distinct organ, the cloacal bursa. It has been suggested that this may be an adaptation to hasten and amplify the differentiation of B-cells for the protection of the newly hatched chick (Manning & Turner 1976) .
